Next-generation sequencing (NGS) technologies are increasingly applied in many organisms, including nonmodel organisms that are important for ecological and conservation purposes. Illumina and 454 sequencing are among the most used NGS technologies and have been shown to produce optimal results at reasonable costs when used together. Here, we describe the combined application of these two NGS technologies to characterize the transcriptome of a plant species of ecological and conservation relevance for which no genomic resource is available, Scabiosa columbaria. We obtained 528 557 reads from a 454 GS-FLX run and a total of 28 993 627 reads from two lanes of an Illumina GAII single run. After read trimming, the de novo assembly of both types of reads produced 109 630 contigs. Both the contigs and the >75 bp remaining singletons were blasted against the Uniprot ⁄ Swissprot database, resulting in 29 676 and 10 515 significant hits, respectively. Based on sequence similarity with known gene products, these sequences represent at least 12 516 unique genes, most of which are well covered by contig sequences. In addition, we identified 4320 microsatellite loci, of which 856 had flanking sequences suitable for PCR primer design. We also identified 75 054 putative SNPs. This annotated sequence collection and the relative molecular markers represent a main genomic resource for S. columbaria which should contribute to future research in conservation and population biology studies. Our results demonstrate the utility of NGS technologies as starting point for the development of genomic tools in nonmodel but ecologically important species.
Introduction
The study of genomes using next-generation sequencing (NGS) technologies is an efficient way to generate a large amount of valuable genomic information of the organism involved (Morozova & Marra 2008; Shendure & Ji 2008; Metzker 2010) . This is especially important for nonmodel organisms of ecological importance, for which genomic resources are scarce or lacking (Wheat 2010) . In particular, there is a growing interest in using NGS technologies in the field of conservation genetics (Kohn et al. 2006; Ouborg et al. 2010a,b) , because these technologies have proven useful for many purposes, including gene discovery and annotation (Emrich et al. 2007) , comparative genomics (Vera et al. 2008) , molecular marker development (Novaes et al. 2008; Zeng et al. 2010 ) and for studies of genetic variation associated with adaptive traits (Namroud et al. 2008) . 454 pyrosequencing is a fast and efficient NGS technology commonly used to define the transcriptome of specific individuals (Margulies et al. 2005) , and it has been successfully applied to several nonmodel species (Garcia-Reyero et al. 2008; Novaes et al. 2008; Quinn et al. 2008; Vera et al. 2008) . Illumina sequencing is another NGS technology which, when compared to 454 pyrosequencing, has a much higher throughput sequencing capacity (thus providing a higher coverage), although producing shorter reads (Strausberg et al. 2008; Zhang et al. 2010) . While 454 pyrosequencing is commonly used for organisms for which little or no genomic information exists (Garcia-Reyero et al. 2008; Novaes et al. 2008; Vera et al. 2008) , Illumina sequencing technology is commonly used to re-sequence genomes to study genetic variation and develop genetic markers (Ossowski et al. 2008; Yamamoto et al. 2010) and for gene expression studies (Marioni et al. 2008; Szittya et al. 2008) . Because of their short length, only recently the reads obtained by Illumina sequencing proved to be sufficient for de novo assemblies of transcriptomes of eukaryotic organisms ). The limitations of these two sequencing methods are, therefore, substantially different, and their combined use should result in an improved transcriptome characterization (Aury et al. 2008; Wall et al. 2009 ). This has been shown in prokaryotes (Reinhardt et al. 2009; Nowrousian et al. 2010) , fungi (Diguistini et al. 2009 ), animals (Bai et al. 2010) and nonmodel plant species (Buggs et al. 2010) .
In the last decades, there has been an increasing tendency to adopt genomics tool to study the interaction between the phenotype and the environment at the molecular level (i.e. eco-genomics), in an effort to study the variation of functional genes in an ecological context (e.g. Feder & Mitchell-Olds 2003 , Van Straalen & Roelofs 2006 Ouborg & Vriezen 2007) . The major challenge of this new research field is to expand genomic research from few well-characterized model organisms to nonmodel but ecologically important organisms. The application of NGS technologies has proven to be an effective way to study functional gene variation in nonmodel species (Novaes et al. 2008; Vera et al. 2008; Hale et al. 2009; Meyer et al. 2009 ).
Scabiosa columbaria is a protandrous, entomophilous, short-lived perennial plant species of dry calcareous grasslands (Van Treuren et al. 1993) and is of great ecological and conservation importance. During the last decades, S. columbaria has been thoroughly studied in relation to inbreeding and inbreeding depression, habitat fragmentation and genetic erosion (Van Treuren et al. 1991 , 1993 Waldmann & Andersson 2000; Andersson & Waldmann 2002; Waldmann 2002; Picó et al. 2004; Pluess & Stö cklin 2004; Reisch & Poschlod 2009) becoming an increasingly important model for conservation genetics. The availability of genomic resources for S. columbaria is valuable in a conservation context. In fact, this genomic information could be used as reference for mapping transcripts to study the variation in gene activity as a function of habitat fragmentation and environmental changes. In addition, conservation genetics can benefit from this sequence information, which can increase the molecular insight of fundamental processes relevant for conservation genetics (e.g. inbreeding). The use of NGS technologies provides a wealth of non-neutral molecular markers (e.g. SNPs and SSRs) which can be used to identify areas in the genome that are under selection (Ouborg et al. 2010b) .
In this study, we present the transcriptome characterization of S. columbaria using the combination of 454 GS-FLX and Illumina GAII sequencing technologies. Along with other recent studies (e.g. Novaes et al. 2008; Vera et al. 2008; Kristiansson et al. 2009; Parchman et al. 2010 ), our results demonstrate the utility and the potential of NGS technologies when applied to nonmodel but ecologically relevant species such as S. columbaria.
Methods

sequencing
To maximize the representation of the Scabiosa columbaria transcriptome, promoting extensive gene discovery and a comprehensive survey of allelic variation in the transcriptome, RNA was extracted from untreated plant material and plant material subjected to different treatments, from a total of 46 inbred and outbred individuals (Table 1) . Because cold stress is known to trigger gene expression in plants and to affect many plant processes (e.g. Kreps et al. 2002) , inbred and outbred seedlings of S. columbaria were placed for 21 days in a 4°C environment and then germinated at 20°C. Another subset of inbred and outbred seedlings were germinated under a 1-ppm ethylene flow (flow rate: 500 mL ⁄ min) for 25 days, as ethylene can also influence plant gene expression (e.g. Chapman & Estelle 2009 ). Control seedlings were germinated at 20°C. RNA was also extracted from roots, rosette leaves and flowerbuds of inbred and outbred adult plants growing in different soil conditions (Table 1 ) using the Aurum Total RNA Mini Kit (Bio-Rad, Hercule, CA). An amount of 2.5 lg of RNA of each sample was mixed to create the RNA pool for the cDNA synthesis (Table 1) . The poly(A)+ RNA was prepared from this total RNA mix. At Eurofins MWG (Germany), first-strand cDNA synthesis was primed with a N6 randomized primer. Then, 454 adapters A and B were ligated to the 5¢ and 3¢ ends of the cDNA. The cDNA was finally amplified with PCR using a proof-reading enzyme (19 cycles). Normalization was carried out by one cycle of denaturation and reassociation of the cDNA. Reassociated ds-cDNA was separated from the remaining ss-cDNA (normalized cDNA) by passing the mixture over a hydroxylapatite column. After hydroxylapatite chromatography, the ss-cDNA was amplified with eight PCR cycles. For 454 sequencing, the cDNA in the size of 400-600 bp was eluted from a preparative agarose gel (1.5%). The resulting cDNA fragments were used for sequencing, according to Margulies et al. (2005) . Files containing sequences and associated quality scores were deposited at NCBI Short Read Archive [SRA:023452] and are freely Ó 2011 Blackwell Publishing Ltd available. All sequence data processing was carried out using a desktop computer with two Intel Xeon X5550 processors (2.67 GHz each) and 48 Gb of RAM. The reads were trimmed before entering the assembly using the software 'CLC Genomics Workbench' (CLCbio hereafter) for quality score, presence of repeated sequences >50 bp, poly(A) stretches, retrotransposons, primers and adaptors (http://www.clcbio.com).
Illumina sequencing
As a first test for future transcriptional profiling experiments of inbreeding depression, leaf samples from one inbred and one outbred individual of S. columbaria were prepared for Illumina sequencing. Total RNA was isolated using the Aurum Total RNA mini kit (Bio-Rad, Hercule, CA, USA). All the RNA was used for poly(A) enrichment by PolyATract mRNA Isolation system III (Promega). The total product (250 lL) was concentrated by a SpeedVac Rotor Vapor and dissolved in 12 lL of distilled water. cDNA was created out of the whole poly(A)+ RNA sample using M-MulV RT in accordance with Ribolock RNAse inhibitor. Double-strand cDNA was created by second-strand cDNA synthesis using DNA polymerase I Escherichia coli and RNAse-H E. coli. The ds-cDNA was further purified by phenol ⁄ chloroform extraction and ethanol precipitation. DNA concentration analysis on a QbitÔ fluorometer (Invitrogen) showed a total yield of 8.7 lg and 4.6 lg ds-cDNA for the inbred and outbred individual, respectively. Further processing was performed according to manufacturer's protocol (Illumina GAII analyzer). Files containing the sequences and the quality scores of the reads were deposited at NCBI Short Read Archive [SRA:023452] and are freely available. Reads were trimmed for quality score using the modified Mott-trimming algorithm present in CLCbio . Reads were also trimmed for the presence of repeated sequences >50 bp, poly(A), retrotransposons, primers and adaptors.
De novo assembly and annotation
Both 454 and Illumina-trimmed sequences were de novo assembled using CLCbio by setting minimum 95% identity, minimum 30% overlap for 454 reads and 40% for Illumina reads, and 100 bp as minimum contig length ( Table 2 ). The quality of the assembly was assessed with a local BLASTn alignment of all the contigs against themselves and the singletons (e-value < 10 )6
). Further assessment of the quality of the de novo assembly was carried out as follows. We compared the depth and the length of contig coverage with reference to orthologous genes in Helianthus annuus and Arabidopsis thaliana, by plotting the ratio of contig length to H. annuus and to A. thaliana orthologue coding region length against coverage depth. Orthologous genes were retrieved performing a local BLASTx alignment (e-value < 10 )6
) with the TAIR9 A. thaliana database (Swarbreck et al. 2008 ) and H. annuus predicted proteins (Uniprot database, Boeckmann et al. 2003) . To further assess the coverage and the quality of the assembly, we used BLASTx to align the contigs to the manually curated protein database Uniprot ⁄ Swissprot (Boeckmann et al. 2003 ) using BLAST2GO (Conesa et al. 2005) . BLAST2GO is an automated tool for Leaves of 2 outbred individuals Grown in 1:1 sand:potting soil RNA pool 7
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Flowerbuds of 1 inbred and 1 outbred individual Grown in 1:3 sand:potting soil Ó 2011 Blackwell Publishing Ltd the assignment of Gene ontology (GO) terms to BLAST hits, and it has been designed for use with novel sequence data (Conesa et al. 2005) . Assignment of GO terms to contigs with significant BLASTx match with swissprot was also performed using BLAST2GO. In addition, we generated GO assignments for A. thaliana annotated proteins to compare the distribution of functional annotation in S. columbaria to that of a plant species with a well-characterized transcriptome.
Marker identification and characterization
We used the software SciRoKo (Kofler et al. 2007 ) to identify SSRs in the contigs and in the >75-bp singletons. SciRoKo is a fast and suitable tool for whole-genomic identification of microsatellites, and, compared to other already existing tools, it allows the analysis of compound microsatellites (Kofler et al. 2007 ). We located di-, tri-, tetra-, penta-and hexa-nucleotide SSR using default settings. Newly identified microsatellite loci are in general useful only if it is possible to design primers in the nonrepeated flanking regions and be successfully used for PCR amplification. We therefore used the software iQDD (Meglécz et al. 2010) to screen sequences with microsatellite loci for flanking regions with high-quality PCRpriming sites. These loci can be referred to as 'potentially amplified loci' or PALs (Castoe et al. 2010) . iQDD is a user-friendly program capable to design primers to amplify microsatellite regions and is especially suitable for large sequencing projects (Meglécz et al. 2010) . Potential SNPs were detected with CLCbio using standard settings. However, we set maximum coverage at 40· because read coverage can be high in repetitive regions where the alignment is not very trustworthy. Setting the maximum coverage threshold a little higher than the average coverage (in our case 38.48) allows for some variation, therefore being helpful in ruling out false positives from such regions (e.g. Amaral et al. 2009 ).
Results
and Illumina sequencing
The full 454 GS-FLX run produced a total of 528 557 raw reads, averaging 212 bp length. CLCbio entirely eliminates low-quality reads and shortens reads, retaining only their high-quality section without primers, adaptors and Poly(A) stretches. Searching for 15 well-characterized retrotransposons in all the 454 GS-FLX reads revealed only three reads (0.0005%) containing retrotransposon sequences. We, therefore, assumed that this type of sequences did not affect the quality of the assembly. We found, and removed, a very low number of reads containing repeats >50 bp (N = 151, 0.03% of the total read number), which could cause problems during the de novo assembly. A total of 27 450 202 nucleotides (24.4% of the total) were removed during trimming.
mRNA from leaves of an inbred and outbred individual of Scabiosa columbaria was used to prepare two samples of rRNA free, non-normalized cDNA. An Illumina GAII single run of the two leaf samples produced a total of 28 993 627 reads, all of 75 bp length. We again used CLCbio to remove low-quality reads, primers, adaptors and poly(A) sequences. We did not find any of the 15 retrotransposon sequences in the Illumina reads. We found, and removed, a very low number of reads containing repeats >50 bp (N = 102 442; 0.35% of the total read number). In total, 442 086 799 nucleotides (20.3% of the total) were removed during trimming. Including both 454 and Illumina sequencing results, we obtained a total of 29 333 721 trimmed reads (1 817 599 195 bp) that were used for the de novo assembly.
Assuming that a comparable number of genes occur in S. columbaria as in Arabidopsis thaliana (25 000) and a similar average gene length of 2000 bp (Bevan & Walsh 2005) , the average transcriptome coverage of S. columbaria based on the remaining high-quality 454 and Illumina reads was estimated as 36.35·.
De novo assembly and quality control
The de novo assembly of 454 and Illumina high-quality reads resulted in 109 630 contigs (Table 2) , while 7 726 134 reads remained as singletons, of which 21 773 were 454 reads (length >75 bp). Contigs ranged from 100 to 3564 bp in size with an average of 270 bp and a median of 202 bp (Fig. 1a) . Figure 1b shows the distribution of contig depth coverage of the assembly, with an average value of 38.48. Ideally, an accurate assembly of the reads would create an assembled sequence with at most a few short alignments to other contigs. Using a local BLASTn to align contigs against themselves and singletons against contigs, we found that every contig had a significant blast hit with itself, and no singleton sequence had significant hit with any of the contigs. In addition, we manually checked the BLASTn results of a random subset of contigs (N = 1096), and we found that 356 (32.5%) had at least 1 BLASTn hit (e-value < 10 )6
) with other contigs, but in no case did these alignments extend over the entire length of the query or subject. Of these 356, as many as 193 contigs (54.2%) had a BLASTn hit against the A. thaliana TAIR9 protein data set, yet only 5 (1.4%) of those contigs had BLASTx hits to the same A. thaliana protein, and only 48 (13.5%) also had best BLASTx to the same protein in Uniprot ⁄ Swissprot. This suggests that these regions represent conserved motifs in different genes or variants of the same gene created by Ó 2011 Blackwell Publishing Ltd alternative splicing. In the latter case, our assembly seems to have correctly separated the splicing variants into different contigs. Finally, we found that 32 contigs (2.9% of our random contig subset) showed the presence of at least one SSR.
As many as 48 740 S. columbaria contigs had a significant BLASTx hit with A. thaliana and 5277 with H. annuus. The effect of the transcriptome coverage (the number of reads that, on average, cover a given base pair of a certain contig) on the quality of the assembly is shown in Fig. 2a,b . Curves represent sigmoid fit (P < 0.0001) for all the genes (solid curve), for genes of 800-1800 bp, and for genes >1800 bp in length (dashed curves) of H. annuus (Fig. 2a) and A. thaliana (Fig. 2b) . For both H. annuus and A. thaliana, the ratio between contig length and its orthologous gene length increased with the depth of coverage of the contigs and reached an asymptote near unity at average coverage >200 for H. annuus and between 10 and 100 for A. thaliana. Values greater than 1 in both figures are possibly because of noncoding regions (e.g. UTRs) present in our contigs, but also indicate considerable coding region coverage for many individual contigs.
Annotation
We further characterized the contigs data set using BLASTx to align the contigs to the curated protein database of Uniprot ⁄ Swissprot (Boeckmann et al. 2003) , considering any significant hit with an e-value <10 )6 . Of 109 630 contigs, 29 676 (27.1% of the total) had a significant BLASTx hit to proteins present in Uniprot ⁄ Swissprot and matched 11 699 unique protein accessions (Table 3) . The full list of annotated contigs is available in supplementary material S1. BLASTx in the order of 30% of the sequences is common when using NGS technologies to characterize the transcriptome of nonmodel species (Novaes et al. 2008; Vera et al. 2008; Parchman et al. 2010) . Singletons >75 bp (21 611), thus 454 pyrosequencing singletons, were also analysed by BLASTx, resulting in 10 515 (48.6% of the total) significant blast in the Uniprot ⁄ Swissprot database, and matched 2177 unique protein accessions (Table 3) . Including both contigs and >75-bp singletons, we identified a total of 12 516 unique protein accessions (Table 3) , the majority of which corresponded to known plant proteins (62.8%) or to other eukaryote species (19.5%).
Using BLAST2GO, we assigned GO classes to 11 240 (89.8%) of the 12 516 unique genes with BLAST matches to known proteins in Uniprot ⁄ Swissprot. We retrieved a total of 94 184 GO terms associated to these unique genes. Assignments to the biological process ontology were the majority (N = 45 341; 48.1%) followed by molecular function (N = 24 824; 26.4%) and cellular component (N = 24 019; 25.5%). We also compared the distribution of the GO slim annotations in our S. columbaria data set to that of A. thaliana (Fig. 3) . GO slim terms are a cut-down version of the GO ontologies containing a subset of the terms in the whole GO, providing a broad overview for genome-genome comparison (Lomax 2005) . All the GO slim categories were represented by the annotated S. columbaria sequences (Fig. 3) . The distribution of annotated S. columbaria sequences over the various GO categories was similar to the distribution in A. thaliana, which 
Marker identification
The discovery of SSRs and SNPs in S. columbaria is of great interest because it can be potentially applied in several different research fields, such as population and conservation genetics, comparative genomics and the genetic control of adaptive traits. Using the software SciRoKo, we found 3813 SSRs in contigs (of which 827 (21.7%) in annotated contigs) and 507 in singletons (of which 51 (10.1%) in annotated singletons) for a total of 4320 microsatellite loci (Tables 4 and 5 ). In both cases, the trinucleotide repeats had the greatest number of microsatellite loci (1383 and 160, respectively). Figure 4 shows the number of microsatellite loci per number of repeat units in the five different classes of repeats. We identified, using iQDD, 791 PAL in the contigs and 65 in the singletons, for a total of 856 PAL. A detailed description of the primers is given in supplementary material S2. Comparing across the five different classes of repeats, dinucleotide repeats had the greatest number of PAL and hexanucleotide the least (N = 484 and N = 3, respectively). Figure 5 shows the observed counts of identified PAL for the five different repeats sequence motifs for both contigs and singletons. AG was the most frequent repeat overall (N = 243), while several others motifs had only 1 PAL. The assembled 454 and Illumina contigs also provide a rich data source for discovery of common SNPs. Using CLCbio, we identified a large number of SNPs in our most deeply covered contigs. Across all the contigs, we identified a total of 75 054 putative SNPs, with frequency of the alternative allele being at least 20% and a minimum fourfold coverage. Considering that the total number of bp of the contigs is 29 570 408 bp, SNP occurrence was on average 2.53 SNPs per thousand base pairs. Discussion Wall et al. (2009) have predicted by means of a computer simulation that the combination of 454 pyrosequencing and Illumina technologies will achieve optimal performance at affordable cost. In addition, several empirical studies have successfully applied this combination to perform de novo genome assemblies and shown that this results in improved performance when compared to the individual use of the two NGS techniques (e.g. Aury et al. 2008; Reinhardt et al. 2009 ). Thus, the combined use of 454 and Illumina reads represents an effective way to assemble the genome or the transcriptome of any species of interest. Obtaining NGS technology sequence data is fairly straightforward. However, dealing with the enormous amount of sequence information produced can be challenging, especially when no reference genome is available. In this case, a de novo assembly should be performed, for which several software packages have been developed (reviewed by Miller et al. 2010) . Because many assembly algorithms exist which may lead to different de novo assemblies, assessing the quality of the assembly is of fundamental importance for any genomic study. The contig coverage depth, the average number of reads included per nucleotide to create a contig, can be used as a first measure of the quality of the assembly. In fact, deep coverage both provides reliable SNP data and reduces the influence of sequencing error on de novo assemblies (Wheat 2010) . In addition, if the number of reads for a given cDNA increases, contig assembly length should also increase (Wheat 2010) . This control quality step is important, but not sufficient, to completely assess the quality of a de novo assembly. In fact, assembled contigs could correspond to repetitive or noncoding DNA (e.g. UTR) regions. A common solution to this problem is to calculate the ratio of contig length to the length of the coding region in the orthologous gene in a reference species and plot this ratio against coverage depth (Fig. 2 ) (Vera et al. 2008; Wheat 2010) . This makes it possible to visualize whether increased coverage depth results in an increased coverage of orthologous genes. In this study, we used Arabidopsis thaliana and H. annuus as references species. A. thaliana is the model plant species for which a large amount of genomic resources are available and therefore represent one of the most widely used reference genomes for this type of analysis (Parchman et al. 2010) . H. annuus is not a completely sequenced plant species but is phylogenetically the closest plant species to Scabiosa columbaria for which genomic resources are available (e.g. predicted proteins data set). In general, the completeness of orthologue coverage depended on A. thaliana and H. annuus ortholog length, decreasing for longer orthologue sequences (Fig. 2) . This graphical representation is also useful to visualize how many contigs are likely to represent full-length assembly of different coding regions. In our assembly, the ratio of the length of individual contigs to the length of their A. thaliana orthologue coding region reached an asymptote (ratio = 1) when average coverage depth was above 50. A comparable trend was found when repeating the analysis using H. annuus as reference species. The results were somewhat less evident, probably due to the relatively low number of predicted protein sequences available for H. annuus, which were often not full length (N = 1215 for 
Annotation and marker identification
We further characterized the de novo assembly with respect to the curated protein database Uniprot ⁄ Fig. 4 Counts of the number of repeats units for the five different repeat unit classes.
Ó 2011 Blackwell Publishing Ltd Swissprot (Boeckmann et al. 2003) . Nearly 30% of the contigs and 50% of the singletons had significant BLASTx hits in Uniprot. In addition, many of the contigs and singletons without a significant BLASTx hit could still represent valuable information. In fact, they could correspond to additional genes not present in the database or genes that lacked a BLAST match because of their short length. Assuming that S. columbaria and A. thaliana have a similar number of genes, our annotated sequences are estimated to represent half of the genes of S. columbaria. Almost 90% of the unique genes were assigned to a wide range of GO categories. This is a remarkable result when considering the current state of functional annotation of the A. thaliana genome. For all the three GO ontologies (molecular function, biological process and cellular component), around 50% of A. thaliana genes are either not annotated or have an unknown function (TAIR database, http://www.arabidopsis.org). Moreover, the distribution of annotated genes over the various GO categories was similar for S. columbaria and A. thaliana, illustrating that the S. columbaria transcriptome assessed here was unbiased. Our data set of S. columbaria annotated sequences represents a detailed foundation for future ecology and conservation biology studies. Studies examining the variation in gene activity of S. columbaria (e.g. as function of habitat fragmentation and environmental changes) will be able to use this database as reference for transcript mapping. This sequence information can also be valuable to study conservation genetics processes such as inbreeding depression, selection and adaptation. In particular, the study of inbreeding depression can take advantage of genomics techniques (Kristensen et al. 2010; Paige 2010) , as they will help to improve our understanding of the molecular basis of inbreeding depression, including the search for candidate genes and functional classes of genes responsible for the decrease of fitness associated with inbreeding, the underlying genetic cause of inbreeding depression and the environmental influences on gene expression patterns (Kristensen et al. 2010; Ouborg et al. 2010a,b; Paige 2010) . Our sequence data set also represents an extensive resource for the development of molecular markers, because of the massive amount of data in which molecular markers can be identified. In addition, the discovered markers are not neutral markers, but related to coding regions of the genome and therefore represent a valuable tool for the detection of functional variation and the effect of selection (Bouck & Vision 2008; Ouborg et al. 2010a,b) . We located nearly 4500 potential SSRs in our contig data set of which 856 can potentially be used to amplify and score microsatellite alleles based on length variation. The deep coverage produced by the Illumina and 454 reads and the RNA sampling of 48 different individuals enabled us to discover more than 75 000 putative SNPs, a large fraction of which are in annotated sequences. The large number of SSRs and SNPs that we detected represents a large resource of molecular markers that can be potentially applied in several different research fields, such as population genetics, comparative genomics and the genetic control of adaptive traits (Luikart et al. 2003; Beaumont 2005; Avise 2010) . 
Conclusions
NGS is increasingly being used to obtain genome-wide sequence information of plant and animal species for which no genomic data are available. These species, including Scabiosa columbaria, are investigated from an ecological or conservation perspective, and obtaining sufficient genomic information of high quality allows the step towards an ecological genomics or conservation genomics research programme. Our study demonstrates that a combination of 454 and Illumina sequencing can be successfully applied in combination to characterize the transcriptome of a nonmodel species. NGS technologies are being developed at a stunning pace. At the moment, a single 454 pyrosequencing run on a Roche GS-FLX Titanium can produce more than 1 million reads, with average read length in the range of 400 base pairs, while the newest Illumina technology can currently provide about 100 bp per read . In addition, pairedend sequencing (Schatz et al. 2010 ) (i.e. both ends of a given DNA fragments are sequenced) is now available for all existing NGS technologies (Deschamps & Campbell 2010) and can become useful in de novo assemblies. New systems, already tagged as 'third-generation' NGS technologies, are being developed, promising even longer reads and higher throughput per sample when compared to existing NGS technologies (Rusk 2009 ). Thus, it can be expected that in the near future, it will be possible to develop different and even more nuanced approaches to characterize the transcriptome of nonmodel species.
There is a rising interest to adopt ecological and evolutionary functional genomics approach in conservation genetics, often referred to as conservation genomics (e.g. Primmer 2009; Avise 2010; Ouborg et al. 2010a,b) . Here, we demonstrated that it is possible to use the combination of 454 and Illumina technologies to rapidly characterize the transcriptome of a nonmodel plant species such as S. columbaria. We chose S. columbaria as a model because of its growing importance in conservation genetics and population biology (Van Treuren et al. 1991 , 1993 Waldmann & Andersson 2000; Andersson & Waldmann 2002; Waldmann 2002; Picó et al. 2004; Pluess & Stö cklin 2004; Reisch & Poschlod 2009 ) and expect it to become a case system for this type of analysis. In fact, very little genomic information was available for S. columbaria before this study, which is the case for most species of ecological and conservation importance (Stinchcombe & Hoekstra 2008; Ouborg et al. 2010b ). The genomic information that we obtained using this combination of NGS technologies can be effectively used in a conservation context in future transcriptional profiling studies of the effect of habitat fragmentation (e.g. inbreeding depression) and environmental changes on this or other plant species. In addition, thousands of SSR and SNP markers that we located should also contribute in facilitating future research in conservation genetics, population biology and functional genomics. This study thus represents a possible guideline for research groups oriented towards conservation genomics, trying to start up a sequencing project for a species that lacks genomic information.
